SUMMARY:
The effect of N-(3-phenyl-2-propenyl)-1-deoxynojirimycin (ppDNM) on the lectin binding to HIV-1 glycoprotein was analyzed by using biotinylated lectins of various sugar specificities as probes . ppDNM potentially inhibited HIV-1-induced syncytium formation and viral infectivity of HIV -1 without cytotoxicity. The lectin binding assay showed that ppDNM treatment reduced Con A binding to gp120 of HIV-1 . and CD4 molecule is required to initiate the infectious cycle (4, 5) . Gp41 anchors gp120 in the viral envelope and a hydrophobic domain at the amino terminus of gp41 is suggested to be responsible for the membrane fusion events involved in the HIV infection and syncytium formation (6, 7) . Gp120 is much heavily 4 glycosylated and removal of the carbohydrate chains from gp120 by enzymatic treatment results in a significant reduction of the CD4-binding activity (8) .
Various N-linked glycoprotein processing inhibitors reduce the HIV-1 infectivity and block the HIV-1-induced syncytium formation and cytopathicity (9) (10) (11) . Thus, the carbohydrate moieties of HIV-1 envelope glycoproteins appear to be closely associated with the biological activity of the glycoproteins. Analysis of the effect of N-linked oligosaccharides processing, inhibitors may be essential in elucidating the role of glycosylation in HIV-1 replication and possibly lead to the development of some anti-HIV agents. The major glycosylation pathway utilized by the viral and cell membrane glycoproteins begins with the transfer of the precursor oligosaccharide G1c3Man9 (G1cNAc)2 from the carrier lipid, dolichol phosphate, to the nascent polypeptide chain of the glycoprotein. The first step of such processing is initiated in the endoplasmic reticulum by the removal of three glucose residues by glucosidase I and II. Subsequently manosidase Tin the Golgi complex completes the removal of four mannose residues, followed by the addition of N-acetylglucosamine, the removal of two more mannose residues by mannosidase II, and the addition of peripheral sugar residues such as galactose, N-acetylglucosamine, and sialic acid by specific glycocyltransferases, to form the complex oligosaccharide moieties of the glycoprotein molecule. 1-deoxynojirimycin (DNM), an inhibitor of the trimming enzyems, has been shown to inhibit glucosidase I activity in the endoplasmic reticulum. In our previous study, novel DNM derivatives were found to inhibit HIV-1-induced syncytium formation and to reduce the infectious HIV-1 yields from continuously infected cell lines at lower concentrations than DNM (Shimizu, unpublished data).
Recently, lectin binding assay was developed to analyze carbohydrate structures on gp120 by using carbohydrate-specific lectins (12, 13) . We applied this technique to study the effect of the DNM derivative on carbohydrate structures on gp120 and gp41 of HIV-1.
MATERIALS AND METHODS
Virus and cells: For syncytium formation inhibition assay , MOLT-4 cells continuously infected with HTLV-IIIB (MOLT-4/HTLV-IIIB) (2) and uninfected MOLT-4 cells (14) were used. Cell-free supernatants from TALL-1 cells (15) continuously infected with LAV (TALL-1/LAV) (1) were used as a source for lectin binding assay. MT-4 cells (16) were used to titrate infectious HIV . The cells were cultured at 37 C in RPMI 1640 medium supplemented with 10% fetal calf serum (RPMI1640/10% FCS).
Chemicals:
A DNM derivative, N-(3-phenyl-2-propenyl)-1-deoxynojirimycin (ppDNM), was used as a glucosidase inhibitor . This compound was synthesized from DNM (17) and the purity was confirmed by the 400 MHz NMR spectra being 98%. The structures of DNM and ppDNM are shown in Cytotoxicity: Quantitative data on the effect of ppDNM on noninfected MOLT-4 cells (cytotoxicity) were obtained by comparing their growth rates to those of control cells not exposed to the drug. MOLT-4 cells were cultured for 6 days in RPMI1640/10% FCS containing ppDNM at various concentrations and then the viable cells were counted by the trypan blue dye exclusion method . Lectin blot assay of HIV-1 glycoproteins . Probes:(1) 2 pg/ml Con A,(2) 0.2 pg/ml Con A,(3) 20 pg/ml RCA I,(4) 20 pg/ml WGA ,(5) 20 pg/ml PNA,(6) 20 pg/ml UEA I,(7) 20 pg/ml DBA ,(8) 20 pg/ml SBA, (9) a human serum positive of anti-HIV-1 antibody,(10) 20 pg/ml Gerardia savaglia lectin, (11) 2 jig/ml Gerardia savaglia lectin ,(12) 20 pg/ml Allo A,(13) 2 pg/ml Allo A,(14) a human serum positive of anti-HIV-1 antibody. Table  I ).
Synthesis of gp120 in the presence of ppDNM resulted in an increased molecular mass ( Fig.3-B) .
In contrast, the ppDNM treatment reduced the amount of gp41
in the culture supernatant but did not affect the molecular mass of gp41, as shown
in Fig.4 -B. The density of the band of gp41 stained in lectin binding assay using RCA I was also reduced (Fig.4-A) . In the control cultures without ppDNM , the syncytium formation became apparent 20 hr after coculture.
Infectious Virus Yield
The ppDNM treatment resulted in the reduction of infectious virus yield from MOLT-4/HTLV-IIIB, as shown in Table  III .
Cytotoxicity
As shown in Table  IV 
DISCUSSION
Previous studies suggested that the full pathogenic potential of HIV -1 might only be realized in vitro if viral envelope proteins were N -glycosylated and the carbohydrate moieties were subsequently processed correctly . The envelope glycoprotein gp120 of HIV-1 is highly glycosylated and approximately 50% of the molecular mass of gp120 appear to be N-linked carbohydrates . Previous studies indicated that mature gp120 is a differentially glycosylated molecule containing high-mannose as well as hybrid and complex oligosaccharide structures (8 ,9) .
Recently, an enzyme-linked lectin binding assay using biotinylated lectins as probes was developed to characterize HIV-1 envelope glycoproteins (12 ,13).
Our preliminary study indicated that 2% Tween-20 in PBS and 0 .05% Tween-20 in PBS are appropriate for the blocking buffer and the incubation buffer , respectively, in order to obtain a clear band of gp120 stained with Con A (data not shown). Under such conditions, the results of our lectin binding assay using Con A, SBA, DBA, UEA I and PNA showed good agreement with the result of Hammar et al (12) . In our lectin binding assay , gp120 band was densely stained 
